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Abstract 17 
18 
The Red List Index (RLI), which uses information from the IUCN Red List to track trends in the 19 
projected overall extinction risk of sets of species, is among the indicators adopted by the 20 
world‟s governments to assess performance under the Convention on Biological Diversity and 21 
the United Nations Millennium Development Goals. For greatest impact, such indicators need to 22 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
2 
be measured and used at a national scale as well as globally. We present the first application of 23 
the RLI based on assessments of extinction risk at the national scale using IUCN‟s recommended 24 
methods, evaluating trends in the status of Australian birds for 1990–2010. We calculated RLIs 25 
based on the number of taxa in each Red List category and the number that changed categories 26 
between assessments in 1990, 2000 and 2010 as a result of genuine improvement or deterioration 27 
in status. A novel comparison between trends at the species and ultrataxon (subspecies or 28 
monotypic species) level showed that these were remarkably similar, suggesting that current 29 
global RLI trends at the species level may also be a useful surrogate for tracking losses in genetic 30 
diversity at this scale, for which no global measures currently exist. The RLI for Australia is 31 
declining faster than global rates when migratory shorebirds and seabirds are included, but not 32 
when changes resulting from threats in Australia alone are considered. The RLI of oceanic island 33 
taxa has declined faster than those on the continent or on continental islands. There were also 34 
differences in the performance of different jurisdictions within Australia. 35 
36 
Keywords Australia, birds, IUCN Red List, biodiversity trends, state of the environment, 37 
threatened taxa 38 
39 
1. Introduction40 
41 
Under the Convention on Biological Diversity (CBD) governments recently adopted a new 42 
strategic plan for reducing biodiversity loss, including 20 targets to be met by 2020 (Secretariat 43 
of the Convention on Biological Diversity, 2010). Monitoring progress towards, and 44 
achievement of, these goals and targets requires indicators (Balmford et al., 2005, Jones et al., 45 
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2011). Indicator sets have been adopted for the United Nations Millennium Development Goals 46 
(MDGs; United Nations, 2011), the CBD‟s previous 2010 target (Walpole et al., 2009, Butchart 47 
et al., 2010), and have been proposed for the 2020 targets (Secretariat of the Convention on 48 
Biological Diversity, 2010). For maximum effectiveness, such indicators need to be implemented 49 
at multiple scales, including both global and national. 50 
One prominent indicator in both the MDG and CBD recommended indicator sets is the Red 51 
List Index (RLI; Butchart et al., 2004, Butchart et al., 2005, Butchart et al., 2007). The RLI 52 
measures trends in the overall extinction risk of species, and is based on data from the IUCN Red 53 
List (IUCN Standards and Petitions Subcommittee, 2010), which is widely considered the most 54 
objective system for evaluating extinction risk at national or global scale (Hambler, 2004, Miller 55 
et al., 2007). It uses standard criteria with quantitative thresholds for population and range size, 56 
structure and trends to assign species to categories of extinction risk, ranging from Least 57 
Concern through Near Threatened, Vulnerable, Endangered, Critically Endangered, Extinct in 58 
the Wild and Extinct. Those species with insufficient data to apply the criteria are listed as Data 59 
Deficient (IUCN, 2001, IUCN Standards and Petitions Subcommittee, 2010). Assessments must 60 
be supported by quantitative data, as well as justifications, sources and estimates of uncertainty 61 
and data quality. The Red List categories and criteria can be used to assess extinction risk at 62 
global, regional and national scales, with guidance available for sub-global assessments in order 63 
to take account of potential interchange with populations beyond the scope of assessment (IUCN, 64 
2003). 65 
The RLI is based on the number of species in each Red List category, and the number that 66 
change categories between assessments owing to genuine improvement or deterioration in status. 67 
It excludes changes in category resulting from improved knowledge, taxonomic changes or 68 
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revisions to Red List criteria (Butchart et al., 2004, Butchart et al., 2007). The RLI can be 69 
calculated for any set of species that has been assessed for the Red List at least twice (Butchart et 70 
al., 2004, Butchart et al., 2007). To date, global RLIs have been published for birds (1988 – 71 
2008; BirdLife International, 2008, Butchart et al., 2010), mammals (1996 – 2008; Butchart et 72 
al., 2010, Hoffmann et al., 2011), amphibians (1980 – 2004; Stuart et al., 2004) and corals (1998 73 
– 2008; Carpenter et al., 2008). It is particularly useful for comprehensively assessed taxonomic74 
groups (e.g. birds, mammals, amphibians, corals), for which cautions expressed about the use of 75 
the IUCN Red List to assess trends in biodiversity because of biases in species selection and 76 
knowledge limitations are largely inapplicable (Possingham et al., 2002). 77 
This is the first national RLI to be published using the methods as originally designed. 78 
While a national RLI was published for a number of taxa in China (Xu et al., 2009), the trends 79 
are difficult to interpret because genuine improvements and deteriorations in status between 80 
assessments were combined with those resulting from improved knowledge or taxonomic 81 
changes, and because non-threatened taxa were excluded, contrary to recommended methods 82 
(Butchart et al., 2007, Bubb et al., 2009). National RLIs based on national-scale assessments of 83 
extinction risk allow more sensitive tracking of biodiversity trends (because more species move 84 
between Red List categories between assessments when the categories are assigned using 85 
national rather than global extinction risk) and hence are of greater utility at the national scale, 86 
which is where the decisions are made that have greatest influence on biodiversity trends. 87 
Furthermore, the development of national RLIs will likely lead to greater ownership and uptake 88 
by national governments. 89 
The present study assesses recent trends in the extinction risk for birds in Australia by 90 
calculating an RLI based on national-scale assessments undertaken in 1990, 2000 and 2010. It 91 
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also examines trends at both the species and subspecies level and on geographical, political and 92 
taxonomic subsets of the data. Since countries sharing taxa interact at the policy level we 93 
calculated RLIs both including and excluding status changes that resulted from threats acting 94 
outside the Australian part of a visiting taxon‟s distribution, in order to quantify the extent to 95 
which national biodiversity trends are driven by external threats. 96 
97 
2. Materials and methods98 
2.1. Red List assessments 99 
We based our evaluations of the extinction risk of Australian bird taxa, both at the species and 100 
subspecies level, on assessments undertaken in1990 (Garnett, 1992), in 2000 (Garnett & 101 
Crowley, 2000) and in 2010 (Garnett et al., 2011) using the IUCN Red List criteria pertaining at 102 
the time of assessment. Following recommended methods (Butchart et al., 2007, Butchart et al., 103 
2010, Hoffmann et al., 2010), we retrospectively corrected categorisations for 1990 and 2000 104 
using current (2010) knowledge. We conservatively assumed that the current category applied to 105 
these earlier assessments, except where there was evidence that the species had undergone a 106 
genuine improvement or deterioration in status of sufficient magnitude to cross the Red List 107 
category thresholds. Such evidence included, for example, documented population trends and 108 
distribution declines, known trajectories of habitat extent or quality, and dates and outcomes of 109 
efforts to eradicate invasive alien species or to translocate populations of target species. In order 110 
to assess extinction risk nationally, we followed the IUCN guidelines to account for potential 111 
source and sink effects that result from interchange with populations beyond the national borders 112 
(IUCN, 2003, 2008, IUCN Standards and Petitions Subcommittee, 2010). 113 
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The geographic scope of the assessments was Australia and its overseas territories 114 
(Christmas, Cocos (Keeling), Norfolk, Lord Howe, Macquarie and Heard Islands), as well as the 115 
Australian Fishing Zone, which extends 370 km off the coastline of both the continent and the 116 
offshore islands. Taxonomy followed Marchant and Higgins (1990, 1993), Higgins and Davies 117 
(1996), Higgins (1999), Schodde and Mason (1999) and Christidis and Boles (2008) at the 118 
subspecies level and BirdLife International (2011) at the species level. We assessed all 725 119 
species and 1238 ultrataxa (929 subspecies plus 309 monotypic species sensu Schodde & Mason, 120 
1999) resident or occurring regularly in Australia or its territories, excluding introduced and 121 
vagrant taxa, and also visiting seabirds with no breeding Australian populations. For the 58 taxa 122 
with both breeding and visiting populations, we used the status of the breeding population, which 123 
in all cases was the same as, or more threatened than, that of the visiting population. 124 
125 
2.2. RLI calculations 126 
For the calculation of RLIs we followed the methods of Butchart et al. (2007). We followed 127 
recent practice (e.g. Butchart, 2008, Butchart et al., 2010, Hoffmann et al., 2010, Hoffmann et 128 
al., 2011) in using „equal steps‟ weights for each Red List category (0 for Least Concern, 1 for 129 
Near Threatened, 2 for Vulnerable, 3 for Endangered, 4 for Critically Endangered and 5 for 130 
Extinct and Critically Endangered taxa tagged as Possibly Extinct sensu IUCN (2010)) rather 131 
than weights based on relative extinction risk, as the latter approach makes the index much less 132 
sensitive to changes in status of less threatened taxa (see Butchart et al., 2004, Butchart et al., 133 
2005 for further discussion). The number of taxa in each IUCN Red List category was multiplied 134 
by these weights and the sum expressed as a fraction of the maximum possible sum (equating to 135 
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all taxa having gone extinct). Taxa listed as Extinct or Possibly Extinct in the first year of 136 
assessment (1990) were excluded. Calculations were made using Microsoft Excel 2007. 137 
138 
2.3. Disaggregating Red List Indices 139 
To understand underlying patterns and identify subsets of species for which extinction risk has 140 
changed most rapidly, the RLI can be disaggregated (Butchart et al., 2004, Butchart et al., 2005). 141 
For the RLI to be used to assess the performance of a country it should first be calculated only 142 
for taxa threatened by processes within that country, even if they occur elsewhere. We therefore 143 
first calculated the RLI including only the changes in status that resulted from processes 144 
occurring within Australia. We used this dataset for analysis of geographical variation, assessing 145 
the RLI separately for taxa occurring on oceanic islands (listed above), continental islands 146 
(including Tasmania) that were connected to the Australian mainland during the last glacial 147 
period, and those on the Australian continent. Some taxa occur on both the continent and on 148 
continental islands (n = 460), on continental and oceanic islands (n = 15) or on all three (n = 20). 149 
These taxa were included on each of the respective lists. We also used this dataset to show trends 150 
in extinction risk for taxa relevant to particular policy mechanisms. To do this, we disaggregated 151 
taxa on the basis of jurisdiction (six states: Queensland, New South Wales, Victoria, South 152 
Australia, Western Australia and Tasmania and two territories: Australian Capital Territory and 153 
Northern Territory). In each list we included breeding taxa and non-breeding migrants, but did 154 
not include vagrants or taxa living on oceanic islands administered by the states (i.e. Macquarie 155 
and Lord Howe Islands); some taxa occurred in multiple jurisdictions. 156 
To understand the extent to which national trends in taxon status are driven by external 157 
threats, we recalculated RLI including all status changes regardless of the location of threat. We 158 
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also used this dataset to show trends in extinction risk for particular taxonomic groups, 159 
calculating trends for the five most speciose orders individually and for the remainder of species 160 
as a group. 161 
162 
2.4.  Analysis of threats and conservation effectiveness 163 
We explored the principal threats classified following Salafsky et al. (2008) that drove the 164 
deterioration in status of those species that were uplisted to higher categories of extinction risk, 165 
or that were ameliorated by conservation action for those species downlisted to lower categories 166 
of extinction risk. For all threatened and Near Threatened taxa we also assessed what their 167 
category would have been in 2000 and 2010 if conservation interventions implemented during 168 
1990–2010 had not been carried out. Following the approach of Butchart et al. (2006), we 169 
considered, both species-specific targeted interventions (e.g. captive breeding) and more general 170 
habitat and site protection (e.g. the establishment of protected areas). Since such assessments are 171 
necessarily hypothetical, we were conservative in our assessments, basing our judgement on 172 
proximity to status thresholds, population and distribution trends in 1990 and subsequently and 173 
the nature of the intervention and whether it had a direct bearing on the threatening processes 174 
most likely to affect the change in status. 175 
176 
3. Results177 
178 
3.1. Red List Indices 179 
At the national scale, the degree of threat, pattern of distribution of taxa between Red List 180 
categories, and rates of decline were similar for both species and ultrataxa (χ2-test for 2010 p =181 
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0.079). In 2010, 9.4% (68) of species were threatened compared with 11.7% (148) of ultrataxa 182 
(Fig. 1.). From 1990 to 2010, for taxa threatened in Australia alone, the RLI declined by 4.37*10
-
183 
4
/year for species and 2.99*10
-4
/year for ultrataxa (Fig. 2). For all taxa, including those 184 
threatened outside Australia, the RLI declined by 7.46*10
-4
/year for species and 6.38*10
-4
/year 185 
for ultrataxa. Compared to birds globally, for which 12.5% of extant species are threatened, with 186 
an RLI declining at 2.20*10
-4
/year in 1988–2008, Australian taxa are less threatened overall, but 187 
declining more rapidly). Declines at both the species and ultrataxon levels were greater during 188 
2000–2010 than 1990–2000 (Fig. 3). 189 
Because of the similarities between the indices for species and ultrataxa, our remaining 190 
analyses were conducted only with the ultrataxon dataset, both because it was larger and because 191 
this is the taxonomic unit of conservation commonly used in Australia. Within Australian 192 
territories, the extinction risk of taxa on the continent and on continental islands was similar both 193 
in values and in trend, with continental island taxa slightly worse off than continental taxa 194 
lacking populations on islands (Fig. 4). Oceanic island taxa were more threatened (with lower 195 
RLI values) compared with continental and continental island, and their RLI declined faster 196 
(8.26*10
-4
/year vs. 1.83*10
-4
/year for continental islands and 2.59*10
-4
/year for the continent). 197 
Among jurisdictions, Australian Capital Territory taxa had the highest RLI score and Queensland 198 
taxa have shown the smallest decline (1.41*10
-4
/year). Tasmania had the lowest RLI score in all 199 
three years and South Australia the most rapid overall decline (3.57*10
-4
/year; Fig. 5). Of the 200 
five most diverse avian orders, the Procellariiformes consistently had the lowest RLI score in 201 
both periods (and is declining at 2.50*10
-3
/year). The steepest decline in RLI, however, was 202 
among the Charadriiformes, particularly during the last decade (3.47*10
-3
/year; Fig. 6). These 203 
two orders contained over half of all taxa (25/49) for which the Red List status in the last two 204 
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10 
decades declined. The extent of the decline within the Charadriiformes meant that it had a lower 205 
RLI by 2010 than did Psittaciformes, for which the RLI showed a slight increase over the last 206 
two decades (2.94*10
-4
/year). The RLI of pigeons, passerines and “other taxa” (i.e. the remaining 207 
orders combined), remained relatively stable. 208 
209 
3.2. Analysis of threats and conservation impact 210 
For non-breeding visitors to Australia, most cases in which such species underwent a 211 
deterioration in status of sufficient magnitude to qualify for a higher Red List category were 212 
driven by residential and commercial development, agriculture and aquaculture. These are the 213 
major threats to stop-over sites for international migrant shorebirds. For Australian breeding taxa 214 
changed fire regimes and invasive species drove most uplistings to higher categories of threat 215 
(Fig. 7). Overall in 1990–2010, only two species and five subspecies underwent improvements in 216 
status of sufficient magnitude to qualify for a lower Red List category. These occurred primarily 217 
because of land and water protection and invasive species control (Fig. 8). 218 
We estimate that 35 taxa would have changed status had there not been conservation 219 
action implemented during 1990–2010 (Table 1). Of these, we considered that eight would have 220 
become Extinct or now be presumed Extinct, from Critically Endangered in 1990. Six taxa 221 
would have been uplisted to higher categories of threat owing to deteriorations in status that 222 
resulted from unintended consequences of conservation action (herbivore increases following cat 223 
eradication and mesopredator release). Even so, despite these unexpected uplistings, the national 224 
ultrataxon RLI in 2010 would have been 0.9201 without conservation interventions, 0.64% lower 225 
than currently. 226 
227 
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4. Discussion228 
229 
National trends and drivers 230 
Australian birds are less threatened at both the species (9.4%) and ultrataxon (11.6%) levels than 231 
globally, despite the fact that our assessments of extinction risk were carried out at the national 232 
scale (at which a higher proportion of non-endemic taxa would be expected to qualify as 233 
threatened because their populations outside Australia were excluded from the initial application 234 
of the Red List criteria). However, the downward trend in the RLI indicates that Australian bird 235 
taxa are slipping towards extinction overall. This matches the global pattern for birds, mammals, 236 
amphibians and corals (Stuart et al., 2004, Carpenter et al., 2008, Hoffmann et al., 2011), among 237 
which birds are the least threatened (12.5%; Butchart et al., 2010). The rate at which the RLI is 238 
declining, at both taxonomic levels, is higher than the global average if status changes driven by 239 
threats operating outside Australia are included. The rate of decline considering only threats 240 
operating within Australia is similar to the global average, although uncertainty around RLI 241 
values cannot yet be quantified, so statistical comparisons of these trends are not yet possible 242 
(see below). 243 
The principal drivers of the decline in RLI can be determined by disaggregating the index 244 
(Butchart et al., 2005). Much of the decline in the total Australian RLI is driven by seabirds and 245 
shorebirds that are non-breeding visitors (comprising 25 of the 49 species that deteriorated in 246 
status during 1990–2010). The principal threats to these species are fishing practices for the 247 
former and coastal development for the latter. While both orders are the subject of formal 248 
international agreements: the ACAP (Agreement on the Conservation of Albatrosses and Petrels) 249 
for Procelariiformes, the CAMBA (China-Australia Migratory Bird Agreement), JAMBA 250 
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12 
(Japan-Australia Migratory Bird Agreement) and ROKAMBA (Republic of Korea-Australia 251 
Migratory Bird Agreement) for Charadriiformes, as well as EAAFP (East Asian – Australasian 252 
Flyway Partnership), the RLI analysis indicates that much is still to be done to halt declines and 253 
reverse trends. 254 
By contrast the RLI for taxa driven by threats operating within Australia is declining 255 
relatively slowly. The RLI for parrots has actually increased even though the order is 256 
characterized globally by a high level of extinction risk (Bennett & Owens, 1997, BirdLife 257 
International, 2008). However this does not mean that efforts towards parrot conservation can 258 
now cease: three out of 16 Australian bird taxa considered Critically Endangered are parrots, the 259 
third highest for any order after seabirds and passerines, and the upward trend is driven by 260 
improvements in status in just three taxa, the southern subspecies of Western Corella (Cacatua 261 
pastinator pastinator), which has moved from Endangered to Least Concern, the Kangaroo 262 
Island subspecies of Glossy Black-Cockatoo (Calyptorhynchuis lathami halmaturinus), from 263 
Critically Endangered to Endangered, and, temporarily, the Tasman Parakeet (Cyanorhamphus 264 
cooki), which was downlisted to Endangered in 2000 but uplisted to Critically Endangered again 265 
in 2010. While this highlights the need to ensure that RLI trends are interpreted carefully, the 266 
overall performance within Australia is in contrast to global trends and suggests that 267 
conservation investment in threatened bird taxa over the last two decades has produced a 268 
measurable positive response. 269 
Taxa on oceanic islands are known to be particularly susceptible to extinction (Blackburn et 270 
al., 2004), so that the low and declining RLI values for such species are unsurprising, but 271 
worrying, especially given that the index excludes the 18 taxa that had already become extinct on 272 
Australian oceanic islands prior to 1990 (Fig. 4). Nevertheless the smaller scale of islands 273 
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13 
compared to the continent also increases the probability of a positive return from conservation 274 
investment. Invasive species control or eradication is more feasible for small islands with a low 275 
chance of reinfestation. In Australia, a good example is the elimination of Rabbits (Oryctolagus 276 
cuniculus) from Cabbage Tree Island off New South Wales, which effectively saved Gould‟s 277 
Petrel (Pterodroma leucoptera leucoptera) from extinction (Priddel et al., 2000). However, 278 
efforts to address threats from invasive alien species need to be carefully researched and planned. 279 
A reason that five seabirds were uplisted to higher categories of threat during 2000–2010 is 280 
because the control of feral Cats (Felis catus) on Macquarie Island led to a proliferation of 281 
Rabbits that then removed the vegetation sheltering nesting petrels from natural predators and 282 
caused substantial soil erosion around albatross nest sites (Parks and Wildlife Service, 2006). An 283 
intensive baiting program has now been undertaken to remove the remaining exotic mammals 284 
(Rabbits, Ship Rats (Rattus rattus) and House Mice (Mus musculus) from the island (Raymond et 285 
al., 2011). Similarly control of feral Foxes (Vulpes vulpes) in south-western Australia appears to 286 
have enabled an increase in abundance of feral Cats, causing rapid declines of several taxa that 287 
had larger populations when Foxes and Cats were present together (Garnett et al., 2011). When 288 
eradication is not possible, control efforts and management must continue indefinitely. The 289 
density of Yellow Crazy Ants (Anoplolepis gracilipes) on Christmas Island has been reduced by 290 
repeated baiting programs (Beeton et al., 2010), leading to downlisting of some taxa, but any 291 
cessation in effort would result in these species being uplisted again owing to an increase in 292 
extinction risk. Such relaxation occurred on Norfolk Island, where the Tasman Parakeet had to 293 
be uplisted because monitoring could not prove the persistence of the population (Garnett et al., 294 
2011). 295 
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While continental and continental island taxa have higher RLI values than those on oceanic 296 
islands, the lack of difference between them is of note. One might expect island taxa (even those 297 
on continental islands) to be inherently more susceptible than continental taxa owing to 298 
ecological naivety (as mammalian predators are often absent even from continental islands). The 299 
explanation for the lack of difference may be a combination of (a) the fact that many taxa are 300 
shared between the continent and islands immediately offshore; (b) a higher proportion of the 301 
area of continental islands is now protected for conservation compared to the mainland; and (c) 302 
ongoing effects on the continent of historical habitat loss, especially in the southeast (Szabo et 303 
al., 2011) and of disruption of aboriginal fire regimes since settlement by Europeans coupled 304 
with grazing by introduced stock, particularly in northern savannas (Franklin, 1999). 305 
306 
Ultrataxa trends 307 
The objective of the CBD is to conserve biodiversity across all levels, from genes to populations, 308 
species and ecosystems (CBD, 2011). However, there are currently no global indicators of trends 309 
in biodiversity at the genetic level (Walpole et al., 2009, Butchart et al., 2010). The use of 310 
ultrataxa, which includes subspecies, as well as monospecific species, is a step closer to 311 
measuring trends in genetic diversity, even though 25% of the ultrataxa are monotypic species. 312 
Inevitably, more taxa will meet the IUCN Red List criteria for threatened status if they are 313 
divided into smaller subunits, so that, among Australian birds, the proportion of threatened 314 
ultrataxa was 2.3% higher than the proportion of threatened species. However the trends in RLI 315 
were very similar, suggesting that the RLI may be a useful surrogate for measuring biodiversity 316 
trends at levels below the species (at least in birds), until adequate data on trends in genetic 317 
diversity are available. An area yet to be explored is variation in RLI trends between monotypic 318 
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taxa and subspecies of polytypic taxa. Initial analyses suggest that trends in RLI differ between 319 
the two groups for complex reasons. 320 
321 
State of the Environment reporting 322 
The RLI is a useful indicator of trends in the state of the environment, especially at a global level 323 
(Baillie et al., 2008) and hence has been used in a wide variety of policy contexts. However, the 324 
RLI does not capture particularly well the deteriorating status of common species that are 325 
declining slowly as a result of general environmental degradation. Indicators based on population 326 
trends (e.g., Gregory et al., 2007, Collen et al., 2008) are better suited for this, and show finer 327 
temporal resolution, but require detailed data that are much less widely available than those 328 
underpinning the RLI (Butchart et al., 2004). The RLI is a useful tool for measuring progress 329 
towards biodiversity targets, alongside a suite of complementary indicators, often using tailored 330 
data collection methods (Garnett, 2011). Presentation of national or regional scale RLIs should 331 
ideally be part of a wider narrative examining trends in biodiversity using several 332 
complementary measures. For example, trends in extinction risk can be discussed in the context 333 
of changes in extent of ecosystems and habitats and trends in species populations (Bubb et al., 334 
2009, Butchart et al., 2010, CBD, 2011). 335 
Various sources of uncertainty influence RLI values. At a global scale, an important 336 
source is introduced by Data Deficient species (those for which there is insufficient information 337 
to apply the Red List categories and criteria), which comprise a significant proportion of all taxa 338 
in some groups and in some countries. Methods have been developed to calculate confidence 339 
intervals based on this source of uncertainty (Butchart et al., 2010). However, no Australian bird 340 
taxa are considered Data Deficient. For our data, the most significant source of uncertainty is 341 
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probably assessment error (deriving from inaccurate underlying data, e.g. on population size or 342 
trend), even though the breadth of the Red List categories means that taxa may often be 343 
accurately categorized even if their underlying parameter estimates are inaccurate (for example,  344 
a species that is declining at a rate of more than 10% over three generations and that has a 345 
population estimate of 2,500 mature individuals would be correctly classified as Vulnerable even 346 
if the true population were as high as 9,999 mature individuals).  Methods are currently being 347 
developed to quantify assessment uncertainty for each species (through using fuzzy number logic 348 
to estimate the range of possible Red List categories that may apply to each species), and to 349 
incorporate such uncertainty into the calculation of confidence intervals for RLIs. 350 
351 
Quantifying the impact of conservation 352 
A simple way of quantifying the impact that conservation action has had on extinction risk trends 353 
is to examine the difference in the RLI trend brought about by excluding those species that were 354 
downlisted to lower categories of threat as a consequence of conservation measures. Globally, 355 
this shows that, in the absence of conservation, the RLI would have declined by an additional 356 
18%, equivalent to preventing each of 39 species moving one Red List category closer to 357 
extinction between 1988 and 2008 (e.g. Hoffmann et al., 2010). In Australia, however, the 358 
positive impact of conservation on 29 taxa was partly offset by the unintended consequences of 359 
conservation actions on Macquarie Island that resulted in uplisting of five taxa, which points to 360 
the potential for improvements in the RLI value when the current efforts to control introduced 361 
predators and herbivores on Macquarie Island are complete. Even so, conservation action 362 
reduced the decline in the Australian bird RLI from 1.55% to 1.36%, equivalent to preventing 16 363 
taxa each moving one Red List category closer to extinction between 1990 and 2010. 364 
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365 
5. Conclusion366 
367 
The use of the RLI at a national level has four potential benefits. First, if it is calculated from 368 
national scale assessments of extinction risk, the index should provide a more sensitive metric of 369 
biodiversity loss than a national disaggregation of a global index. This is because a higher 370 
proportion of species tend to qualify as threatened or Near Threatened when their extinction risk 371 
is assessed at a finer spatial scale, and hence more species tend to move between categories when 372 
assessments are repeated, leading to RLI trends that are more representative of the changing 373 
status of the species concerned. Secondly, biogeographical and taxonomic disaggregation can 374 
then be used to assess the drivers of trends, and the actions required to alter them. For Australia, 375 
because of the majority of status changes are driven by factors outside Australia, enhanced 376 
international advocacy and assistance will be necessary if local losses are to be prevented. This is 377 
familiar situation for North America and Europe, but has perhaps been under-appreciated in 378 
Australia. Thirdly, the RLI can be applied at multiple taxonomic levels, suggesting that it can be 379 
used to inform assessment of trends in genetic diversity as well as that of species. Lastly, 380 
jurisdictional disaggregation can be used to highlight performance of individual national 381 
subunits, although measurements of performance need to be contextualised and carefully 382 
interpreted. 383 
Limitations of a national-level RLI are that, if it is disaggregated into subsets that are too 384 
small and with too few taxa driving trends, these trends can be difficult to interpret and may be 385 
less useful as indicators. The RLI alone is also relatively slow to change and therefore difficult to 386 
incorporate into short-term political cycles. Globally, the index for birds is updated every four 387 
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18 
years (Butchart, 2008, BirdLife International, 2011), but in Australia assessments have been at 388 
10-year intervals. Further work could usefully investigate the potential for linking RLI changes389 
with conservation investment levels (McCarthy et al., 2008), identifying the optimal expenditure 390 
to achieve the greatest improvement in RLI. Overall, we conclude that calculation of the RLI at 391 
the country level is a valuable addition to national biodiversity benchmarking, and one that will 392 
increase in value with time as the time-series of data becomes longer. 393 
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Figure legends 406 
Fig. 1.Number of taxa in IUCN Red List categories for the three assessment years, 1990 (black), 407 
2000 (grey) and 2010 (white) for subspecies (A) and species (B). NT = Near Threatened, VU = 408 
Vulnerable, EN = Endangered, CR = Critically Endangered and EX = Extinct. Number of Least 409 
Concern taxa in 1990, 2000 and 2010, excluded for clarity, was 628, 616 and 606 species and 410 
1108, 1088 and 1072 subspecies, respectively. 411 
412 
Fig. 2. Red List Index of survival for all bird species globally (n = 9853), Australian species (n = 413 
710) and Australian ultrataxa (n = 1238) for taxa with drivers of status change operating within414 
Australia as well as overseas (black lines) and taxa changing status solely because of threats 415 
operating within Australia (grey lines). An RLI value of 1.0 equates to all taxa being categorised 416 
as Least Concern, and hence that none would be expected to go extinct in the near future. An 417 
RLI value of zero indicates that all taxa have gone Extinct. The n values are the number of taxa 418 
that are extant and not Data Deficient and at start of the period. 419 
420 
Fig. 3. Cumulative percentage of species (black fill, n = 710) and ultrataxa (grey fill, n = 1238) 421 
qualifying for Red List category changes owing to genuine improvement (positive values) or 422 
deterioration (negative values) in status as a result of threats (mitigated or impacting) across the 423 
range of each taxa. 424 
425 
Fig. 4. Red List Indices of species survival for ultrataxa on the Australian continent (n = 1002), 426 
continental islands (n = 655) and oceanic islands (n = 121), excluding status changes driven by 427 
threats operating outside Australia. Some taxa are included in more than one of these subsets. 428 
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429 
Fig. 5. Red List Indices of species survival for continental ultrataxa by jurisdiction, excluding 430 
status changes driven by threats operating outside Australia (ACT: Australian Capital Territory n 431 
= 230, Qld: Queensland, n = 706, NT: Northern Territory, n = 401, WA: Western Australia, n = 432 
490, NSW: New South Wales, n = 457, Vic: Victoria, n = 373, SA: South Australia, n = 419, 433 
Tas: Tasmania, n = 178). 434 
435 
Fig. 6. Red List Indices of Australian species survival for ultrataxa in different orders 436 
(Columbiformes n = 41, Passeriformes n = 702; Psittaciformes n = 101; Charadriiformes n = 437 
100; Procellariiformes n = 71 and other orders aggregated n = 218), based on changes in status 438 
resulting from threats anywhere in the taxon‟s range. 439 
440 
Fig. 7. Number of ultrataxa qualifying for uplisting to higher categories of threat in 1990–2000 441 
and 2000–2010 owing to different drivers. Black bars signify drivers acting in Australia, white 442 
bars signify drivers acting overseas. Some taxa were impacted by multiple drivers. 443 
444 
Fig. 8. Number of ultrataxa qualifying for downlisting to lower categories of threat or not 445 
deteriorating in 1990–2010 owing to amelioration of different threats (A) and as a result of 446 
different actions (B). 447 
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Table 1. IUCN Red List category Australian ultrataxa in 1990, 2000 and 2010 (with the former two updated using current knowledge 
in 2010) and (where different) the estimated status in 2010 if there had not been conservation intervention during 1990–2010 (marked 
by 2010*) 
Common name Scientific name 1990 2000 2010 2010* Reasons for revised 2010 status 
White-tailed Tropicbird 
(Indian Ocean) 
Phaethon lepturus 
lepturus 
EN EN EN CR Hunting on North Keeling I. would not have been 
prevented. Criteria met: B2ab(ii,iii,v); C2a(ii) 
Emerald Dove 
(Christmas Island) 
Chalcophaps 
indica natalis 
NT NT NT VU Proliferation of crazy ants would have continued 
unabated. Criteria met: B2ab(iii) 
Grey-headed Albatross Thalassarche 
chrysostoma 
EN EN CR EN Cats would not have been removed from 
Macquarie Island, preventing proliferation of 
rabbits. Criteria met: D 
Light-mantled Sooty 
Albatross 
Phoebetria 
palpebrata 
VU VU EN VU Cats would not have been removed from 
Macquarie Island, preventing proliferation of 
rabbits. Criteria met: D2 
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Common name Scientific name 1990 2000 2010 2010* Reasons for revised 2010 status 
Antarctic Prion Pachyptila 
desolata 
VU VU EN VU Cats would not have been removed from 
Macquarie Island, preventing proliferation of 
rabbits. Criteria met: D2 
White-headed Petrel Pterodroma 
lessonii 
VU VU EN VU Cats would not have been removed from 
Macquarie Island, preventing proliferation of 
rabbits. Criteria met: D2 
Gould's Petrel 
(Australian) 
Pterodroma 
leucoptera 
leucoptera 
EN VU VU CR Loss of nesting birds on Cabbage Tree Island 
would have continued and there would have been 
no translocation to other islands. Criteria met: 
B2ab(ii,iii,v) 
Abbott's Booby Papasula abbotti EN CR EN CR Proliferation of crazy ants would have continued 
unabated . Criteria met: B2ab(iii) 
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Common name Scientific name 1990 2000 2010 2010* Reasons for revised 2010 status 
Red-footed Booby Sula sula LC LC LC NT Hunting on North Keeling I. would not have been 
prevented. Criteria met: A2d 
Wedge-tailed Eagle 
(Tasmanian) 
Aquila audax 
fleayi 
EN EN VU EN Loss of habitat to forestry would have continued, 
and there would have been no offsets from wind 
turbines. Criteria met: C2a(ii) 
Buff-banded Rail 
(Cocos Keeling Islands) 
Gallirallus 
philippensis 
andrewsi 
VU VU VU CR Access to North Keeling I. would not have been 
restricted increasing likelihood of invasion by rats 
and cats. Criteria met: B2a(iii,v) 
Lord Howe Woodhen Gallirallus 
sylvestris 
EN EN EN CR The woodhens would have been confined to the 
summit of Mt Gower because of predation by pigs. 
Criteria met: 
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Common name Scientific name 1990 2000 2010 2010* Reasons for revised 2010 status 
Hooded Plover 
(eastern) 
Thinornis 
rubricollis 
rubricollis 
VU VU VU EN Declines from beach disturbance would have 
caused a more rapid decline. Criteria met: C2a(ii) 
Little Tern (western 
Pacific Ocean) 
Sternula albifrons 
sinensis 
LC LC LC VU The breeding population in south-eastern Australia 
would be much lower without active protection. 
Criteria met: C1 
Glossy Black-Cockatoo 
(Kangaroo Island) 
Calyptorhynchus 
lathami 
halmaturinus 
CR EN EN CR(PE) Failure to protect nests would have caused ongoing 
population decline, possibly to  extinction. Criteria 
met: A2be+4be; C2a(i,ii), D 
Western Corella 
(southern, Muir's) 
Cacatua 
pastinator 
pastinator 
EN EN LC EN Failure to enforce protection would have caused 
loss of nest sites and death of birds from poisoning 
and shooting. Criteria met: C2a(ii) 
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Common name Scientific name 1990 2000 2010 2010* Reasons for revised 2010 status 
Tasman Parakeet 
(Norfolk Island) 
Cyanoramphus 
cookii cookii 
CR EN CR CR(PE) Failure to provide and protect nest sites would 
have caused continued decline and possible 
extinction. Criteria met: B2ab(iii,v), C2a(i,ii), D 
Orange-bellied Parrot Neophema 
chrysogaster 
CR CR CR CR(PE) Failure to provide and protect nest sites would 
have caused continued decline and possible 
extinction. Criteria met: B2ab(iii,v), C2a(i,ii), D 
Western Ground Parrot Pezoporus 
flaviventris 
EN EN CR EN Had foxes not been poisoned cat predation may 
have been less prevalent. Criteria met: 
B2ab(i,ii,iii,iv,c), C2a(ii) 
Southern Boobook 
(Norfolk Island x New 
Zealand) 
Ninox 
novaeseelandiae 
undulata 
CR CR CR CR(PE) Failure to provide an additional male would have 
resulted in extinction. Criteria met: A2a, 
B1ab(i,ii,iv,v)+B2ab(i,ii,iv,v), C2a(i,ii), D 
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Common name Scientific name 1990 2000 2010 2010* Reasons for revised 2010 status 
Christmas Island Hawk-
Owl 
Ninox natalis VU CR VU EN Proliferation of crazy ants would have continued 
unabated . Criteria met: B2ab(iii) 
Albert's Lyrebird Menura alberti VU VU NT VU Failure to protect forest from logging would have 
caused ongoing declines and habitat deterioration. 
Criteria met: B1ab(iii,v)+2ab(iii,v) 
Noisy Scrub-bird Atrichornis 
clamosus 
EN VU EN CR An increased fire frequency is likely, leading to 
rapid depletion of the population as there would 
also have been no translocations. Criteria met: 
A2a, B1ab(i,ii,iv,v)+B2ab(i,ii,iv,v), C2a(i,ii), D 
Southern Emu-wren 
(Fleurieu Peninsula) 
Stipiturus 
malachurus 
intermedius 
EN EN EN CR(PE) Ongoing loss of habitat to agriculture and fires 
may well have caused local extinction. Criteria 
met: A2a, B1ab(i,ii,iv,v)+B2ab(i,ii,iv,v), C2a(i,ii), 
D 
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Common name Scientific name 1990 2000 2010 2010* Reasons for revised 2010 status 
Southern Emu-wren 
(Eyre Peninsula) 
Stipiturus 
malachurus 
parimeda 
EN EN EN CR Ongoing loss of habitat to agriculture and fires 
may well have caused extinction of more 
subpopulations. Criteria met: 
B1ab(i,ii,iv,v)+B2ab(i,ii,iv,v), C2a(i) 
Western Bristlebird Dasyornis 
longirostris  
VU VU EN CR An increased fire frequency is likely, leading to 
rapid depletion of the population . Criteria met: 
C2a(ii) 
Scrubtit (King Island) Acanthornis 
magnus 
greenianus 
CR CR CR CR(PE) Ongoing loss of habitat to agriculture and fires 
may well have caused local extinction. Criteria 
met: B1ab(i,ii,iii,iv,v)+B2ab(i,ii,iii,iv,v), C2a(i,ii), 
D 
Chestnut-rumped 
Heathwren (Mount 
Lofty Ranges) 
Hylacola 
pyrrhopygia 
parkeri 
EN EN EN CR Ongoing loss of habitat to fires may well have 
caused local extinction. Criteria met: 
B1ab(i,ii,iii,iv,v)+B2ab(i,ii,iii,iv,v), C2a(i,ii), D 
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Common name Scientific name 1990 2000 2010 2010* Reasons for revised 2010 status 
Brown Thornbill (King 
Island) 
Acanthiza pusilla 
archibaldi 
CR CR CR CR(PE) Ongoing loss of habitat to agriculture and fires 
may well have caused local extinction. Criteria 
met: B1ab(i,ii,iii,iv,v)+B2ab(i,ii,iii,iv,v), C2a(i,ii), 
D 
Forty-spotted Pardalote Pardalotus 
quadragintus 
EN EN EN CR Ongoing loss of habitat to agriculture and fires 
may well have caused local extinction. Criteria 
met: B1ab(i,ii,ii,iv,v) 
Yellow-tufted 
Honeyeater (Helmeted) 
Lichenostomus 
melanops cassidix 
CR CR CR CR(PE) Ongoing loss of habitat to agriculture and fires 
would probably have caused local extinction; also 
required translocation and ex situ conservation. 
Criteria met: B1ab(i,ii,iii,iv,v)+B2ab(i,ii,iii,iv,v), 
C2a(i,ii), D 
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Common name Scientific name 1990 2000 2010 2010* Reasons for revised 2010 status 
Black-eared Miner Manorina 
melanotis 
EN EN EN CR Ongoing loss of habitat to fires would probably 
have caused local extinction; also reintroductions 
would not have occurred. Criteria met: A2b, 
B2ab(i,ii,iii,iv,v) 
Western Whipbird 
(western heath) 
Psophodes 
nigrogularis 
nigrogularis 
VU VU EN CR An increased fire frequency is likely, leading to 
rapid depletion of the population . Criteria met: 
C2a(ii) 
Island Thrush 
(Christmas Island) 
Turdus 
poliocephalus 
erythropleurus 
NT NT NT VU Proliferation of crazy ants would have continued 
unabated. Criteria met: B2ab(iii) 
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